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^o\] 4=. ^ ^--B- 1-^ (carbonaceous material)* <=>1 -§-$!: 7}^^ 
^sel^Kdata storage)^, ^l^ell^ ^4 51*1*11^ *r°H Sl7r*rfe S 
£^^11^- -y-ofl ^-s-Ccurrent induced electrochemical 

reactionHl ^I^M ^iL, ^ ^r^i ^J-n- if^ (carbonaceous material)* ^^(write)^V 
iE^r *f|7l (erase) th=h SL*V, o] nfl ^iL^o] b}-^ ^-o. ^goj a. 7 l# ^7} ^ 
« ^ ^l7V Al^>o.s *)H^t}. 

H la 
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f-fr oj-g-^V 7fl7l^- 7}W C-flolB]- *J ZL 7l^/^fl^ ^ 

{Rewritable data storage using carbonaceous material and writing and reading method 
thereof} 

S. la ^ S. lbfe- l^oll 4^- €^ ^-n- carbonaceous material)^- 

& ^71^- 7}^ C-flolB}- ^E^S] 71^- ^2: ^ ^ ^» iL<^fe ^^£t^i , 

£ lb^ *1-<M iL^xr 
£ 2a £ 2d^r £ la ^ .£ lb^l -E^l^ €3* °1-§-sH ^ 

^ Hj-sj-l-^ (carbonaceous material )#-§- AFM-^-S. ^^-i-S.*! , 

£ 2a^ -6V» ^71-^1-^ *)a>z}-^ ^Efl^) ^ carbon 

contamination)^ ^ ^ 7 ]^x\^\^- <3^\ 

£ 2b^ +5V# *lH <y7HH £ 2a<>lH^ ^*\A% ^e]]^ ^Ji* ^MHiQ 

£ 2cfe +5V» tH ^17>^H £ 2b» Sl^Br 3^ ^(spot) ^Efl^ 3 ^cfl 
£ 2d^ -6V» ^<H] Sl7>SH £ 2b°H*| *HH?1 f^o^tf *fl7l-s- 
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£ 3-& S. la ^ £ lb«fl 1HH *|-e} 7l# 3f ^ *}°]<*\] ^l7>^ til-o]^^ 

€#-8- cf^tV £1715. ^7^}^ <?17>^ ^ Q± ^ #^(cabonaceous 

material)^ ^(spot)## AFM^S ^-B- 

£ 4a ^ £ 4bxr 7^z| £ la ^ £ lb^fl ^1^1^ ?]^& ^iLl- ^ ^ 

^ ZL ^-aJ S^Sl^M Auger electron spectroscopy CAES) 3. 

ziiMuL E 5a vfl^l £ 5c ^ ^ £ la ^ £ lb*fl 71^-/^^ ^<aj $)e] 

# tfl^^^] ^71^- 7}^^ cflo]Bf (rewritable data storage H ^-§-*> 

10. 7l^r 20. 

30. f-fr #^ 40. ^ 7>i ^^1- 

50. ^H^efl«1 ^ 100. 71^-^ 

200. 7l3g- 210. S^l 1 ^ sfl^ 

220. ^ 225. ^H^efltf| 

230. &± ^-a- #^ 
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^tfl f-fr #^ (carbonaceous material)* °l*tr 4?}^r 7}^^ HH^r 

^ y}-^/^^ {Rewritable data storage using Carbonaceous material 

and Writing and Reading Method thereof} 0 !] ^l 1 }. 
<20> ^Hfl^ c-flojE} ^£e)^l(data storage) 7l^o.S^r ^^^1- 7] ^ , # 

^SH^lfe ^, ^^(phase transformation)* H^lfe ^ , ^ 

*fl^ # *S«* ^A^l^ ^ , ^h8r ShESfll- #£W^ ^«;* <^-2-7l^ ^o] 

flO-M" t-flo]E}- ^6)1 fl<H ^ Qj&Qo] o^^cf. 

<2i> o]^. ^efl wj-^s. ^ ^7l^-(rewritable)^l f7^5}7m Sl^r ^7lf 

(rewritable)^l 7 r ^|-^ e^-s. 7l 4=- nfl o] ^Kg. -g-g-^-ofl ^ 7]^/ ^7] ^7} 

(Write/Erase cycleH #^ ^ *i«r ^ endurance) 7} ^^>°i£)^ &*\) 

7} H;7}z\is}?i\ tfl^jq&r}. 

<22> #7}^ S^* 7fl^i^>7l ^*r^ ^.o>^ 7fl 71^- 7>^ 

(rewritable)^^i #^€: ^#* -§-8-«r^l ^2]^ (endurance) ^ #^ ^ 

o) 7^}s)^ ^-^7]- tl"ff (carbonaceous material)* °l-§-tr ^£ 

eWdata storage) ^ n 7l^-/7fl^ #^* *tf^H=31 n. o^rf. 

<23> #7l<^ ^--gr -=-3* ^^>7] ^r<^ ^ °\] ^-R- #^ (carbonaceous 

material)* °l-g-tr ^71^- 7 r ^tr 7)&3\ o] #61) £*l*fl7} 
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^ofl ^"71 Si0 2 /Si S- ^£ 71^0]^!, ^-71 JE^l^ Au 



(carbonaceous material)^- °1 ^-^t ^7]^- 7}^*r eJMbJ- ^£5^1^, 7l^^ o] 7]^- 
^Hl £^l7> f^^H AE5].ol£ sflE^^l JE^*!]^ sfl^s-o] 7}^; 

31 ^"71 51^*11^ 2fl^#oil ^jij^o} 7l^# g-fe- ^ ^BflSl eV^ ^-o. o. ^ 
S^M" ^T^l ^*}<*l ^"71 iE2]-oln ^ 3xfl^S-ulf S^>^ «^<i| *Bfi 

3l*Hl #71 ^Ee^n ^ S^^sj- Sfl^l-oll tfl-g-^-S^- c^5|]ol tgefl 

s- «fl<i€ ^itv ^^<LsL 

<26> ^r^ojl 9X°lX], ^"71 7l^ Si0 2 /Si 5- ^£ 7l^;Oljl ? #7] Si^*!]^ Au 

<27> g^-, ^-71^ ^ -i?-^ o. ^s:>7l ifl«H ^ ^ ^ ^TT #^ 

(carbonaceous material °l-g-^r 7fl7l-s- 7p§^ i£s]x]^ 7]^-/7fl^ ^^r, 

71^4 ol y]^- 5L#z\]7} 51^1^51 ^€ 7l^; ^ -#7l Sl^l^ofl 

^iUS.^ 71^ ^ ^b)]^ ^ ^ ^S^u* ^171^71 ^ ^; 

Bj-i ^-fj- ^71^- 7}^ C-HolE} ^Si^H 7l^-/7fl^ 

*>*r HJ"^°fl S(i<H>H, (7» ^"71 ^4 >S-7l ^ A>o]ofl a^o]©^ ^ojvg- o] 

7HH ^-71 H^l^m #ofl ^-o. t^^o.^.*) 7l^>^ T^j; (14) 



<25> 



Htr, #71 £r ^ ^r3* ^*>7l l-^^l ^ ^ f-B- 
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^4 #7] S.£^ A}ojofl ^-71 71^-^ ^H 0 ^ ^oj-jr). a> 

tfl ^7HH °M *8^3<H 9X$r ^ ^Ti^-o. ^J±# 

*l-?-^r #31; ^ (Cf) #7] S^Sfl^ ^71 ^ ^-o. o.^ ^ ^Aj-cq ^ojl- 

<28> £ ^r^oq o^Ai, >S-7l (7» #7lHH ^"71 ^ ^ ^ ^-fr 3. 

7l^r ^7l H^ 1 ^ #7] ^17^1-^ H><>1<H^ £<£o) 37 | aJ- 7 ] v}o]o]^ 

917}^ *l*h8- S^ilS*] °1^H*1tt ^ 
<29> ^tgofl #0^, ^71 #3HH ^"71 ^T^^r ^ ^-fr #^ 3 

7l^r ^"71 Aj- 7 j «?]7H>^ tifol^^ ^oj-o} SE^ <#7] hM^a 

^7>^ ol^^ji, Aj- 7 j (£).) ^Tfl^ #7} SL&xlW*}- 

<#7) ^--H- ^ -§-^(capacitance) *> 6 1 , *| ^(resistance) *M , *}l!:3l^r 

(frictional coefficient) *r°l ^ (mophology) * r °l 1r *>M"# 0 l-8-*M °1 

<30> BE^b, ^"71 ^ ^ ^aj-g- ^ *}7] $\f>}<^ ^<>\} ^ ^ ^-fr #^ 

(carbonaceous material)* °l-g-^r 7fl7l^. 7>^-^r i*l°lEr ^meM^I 7 ]^/Jft$ HHl^-, 
71^ o) 71^. Aj-ofl i^^7> ^-sH ^^e}°lS- #£.3. sflEi^ H*l*im sflH»°l 
71^-^r; ^ ^-7] JE*!^ 2fl^#ofl ^iLS^^ 7l^# ^Bflo] ^ 

321 o^H ^Efl^. yfl1€ ^ll* ig-i ^--R- o}&& ^7]^ 7}^ 
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1020000025043 2000/8/ 
*]7 r 3H #7l 51^1^ ^ #3] ^€ cgcrfofl eJ-^ ^-o. 

*l ^^.1- 7l^-*m #31; ^ #7l ^H^a^ ^l* ;§*H #7l *H 1^*13 ^ 

^ -8-71 51*1*1M A>o]oll #7] 71^-^ Sl7 r Srfe WKM^ 

^ ^ <&7}*}<q °i *i ^si^ 5U^r ^ f-a- ^T^ilS.*! ^ 

ill- ^1-Hr #31; ^ (t}) #71 5L#z\W 2fl€^- ^-71 ^ ig-o. ^ ^ t§#<q ^ 
oil- ;M*Hr 5Lf-SRr ?A^r *>T^. 

<31> ^Tgofl &o^ f ^ V 7l (7» #7\M*] #71 ^#5^ eJ-^ ^-o. 3 

71^ #71 51 afl^^r #7l ^^eflHl5l ^^1 <y7>??Hr y>ololi ^oj-o] 3.7) ^ 

#71 y}olol^ Tjcgo. ol7l-^ S^^S.^1 ol^^Jl, #71 (uj.) ^Hl 

*1 ^7l ^T^^r Hj-^i ^ £3.71^ #71 51 ^l^ #7l ^cUttl 

^^1 <?l7l-*Kr Wl-olol^ ^<y-^ 37l £ - # 7l ti >ololi ^oj-^- o]7>^ Al ^ 2: 
^f-^SMj ol^c>|^^ ( #7l (Cf) ^Tjl^ #71 51 #71 ^-H- #^ 

#^1 -§-*&( capacitance) *r°l , *liKresistance) *r°l , ^l-lMl^rCfrictional 
coefficient) *r°l ^ ^°1 *r°l ^ *>M-# ^>l-g-^>^ o]^^ 7^0} y}^^- 

<32> o^> ^tgofl oHg. ^ ^-6. ^-^( car bonaceous material)^ 

^fl7l^- 7^*1; cflolBl- iS.Bl^l (rewritable data storage) ^ 7l^-/^^ « 0 > 
#^1§>711 ^ 

<33> 51 la ^ 51 lbfe- AA ^^l 4€- f*^ ^-fr #^ (carbonaceous material)^: 

°l-8-tb 7fl7l^- 7>^tb tH°l^ iSBl^l (rewritable data stroage)^ 7l^ ^21 M-Ej-ifl 
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^£o]rf. n><4 £°1, 47)^ 7>W t$o]j% iSel^lb 7)^-( 

^Ml Si0 2 /Si 7l#)(10)-4 ol 71^(10) ^} 5L#%K^z\}3. #)7> 5L^1 (#)*}- 

{20)2.3. Au/Si0 2 /Si 7l3.^:(100)ol ^1^4. nelul, S^l^OHl ^J±5.*l 

^1 ^ ^Efl^l f-B- #^ (carbonaceous mater ial )(30)-§- ^f^T]^ 

^(50W ^1^4. ol *fl >M"8-=)fe- Si ^1^1*1 ^ ^Hl Ti-g: 3. 
^tr Ti/Si ^(50)^ AFM^ ^ SPM 31 ^ ^ Aj-g-^ 33 yj-^-^^cf. 
°^7H, -M^S 40^ ^-71^1^ Au^ ^ C0 2 , H 2 0, O2, N 2 , CH 4 

■^^f 3rfr 7>i «)i£#(ambient residual gas species) 0 ^. 

<34> o]$\. Q-gr ^ £.°J (carbon contamination)^- -g--g-*r 7fl7l^- 7j-^*V cflo] 

^Sel^l (rewritable data storage) ^ n ^t}. 

<35> Ti/Si ^(50)3f Au/Si0 2 /Si 71^-^(100) a>°H wj-olo^ ^OO-S: °J7H>^ JE.*i 
*fl(Au) ^(20 HI ^rdb ^-B- (carbonaceous material ) (30 H °1 
Au/Si0 2 /Si 71^-^(100) 4 Ti/Si ^(50) *}°H °j7l-El^ w^ol^ %\<&ei\ Efl^^r t}-e 
711 S}^, ^H^l ^-B- M (carbonaceous material)^ ^7l7> *)5. nf^Tfl ^tf. 

a-Is cfs. ^71^1 eJ-^l ^--B- (carbonaceous material)^ 2)-?>>*j. o_^*| 

7> 7fl^^rf. 

<36> £ i a oil £Al^ a}^ ^ol, AFM°11 Ti/Si *El3fltH ^(50)^: * r -8-3M 

7l^-ol Jf^ofl rflefl ^(50)4 i€^(#^)(20) « r °H^ ^^-(-V)-g- 91 

7}f>}<^ f-B- (carbonaceous material) (30)^1: ^Al^lcf. o) -^7l 

(write)'7> ^tf. 
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<37> tEth ^ lb<=Hl AFM°11 Ti/Si ^MefltH ^(50)^- *1~§-*H 

^*\}7} ^Atb tflafl ^(50)^1- :E3W^)(20) *>°H <3 w>°l^ ^(reserve 

polarity) 3ltK+V)-i: < ?]7H><^ f-fj- #H (carbonaceous material)^: *fl 7i a] tj- . 

o] jaj-^o] 7l( erase )'7l- €4. 

<38> ZLSlJl, 7l^# nfloflfe. o}o] K ^ J^jz). ^£fl^ ^ 

^(morphology) 5&tt #^ ^ *H Stt ^713 ^ * r °l«- ^#*r^ 9^4. °1 

'£M(read)'7r ^tj-. o]e]^. ^ 7l ^ yj-^ofl^ Ti/Si ^(50)^ Au/Si0 2 /Si 7}^& 
(100) ^r°H] ^l^l ^^fl 31 ^ ^ IMf carbonaceous material )S. =1 i 

* ^(30)3f ^sfl S^W^HWO) ^ ^ *}-oj^ o]-g-s}a} 

<39> ^11-*^, Ti/Si ^(50)3i)- Au/Si0 2 /Si 71^.^(100) *f°H ^l7>^ hM°1^ ^oj-ofl 

^ ^-n- #^ (carbonaceous material) ^ ^^-(30)^ ^efl S^W^ 1 ^ 
)(20) ^ (morphology)^ *r°l SE^- -§-*£( capacitance) *r°l 

(resistance) * r °l 2:^ ^^^^(f r ict ional coefficient) ^>°1# °l^-^>^ Slfe- u o Vl £! 

<40> oje^ £ la ^ £ lb^l 5*1^ ^ ll-fr #^ (carbonaceous 

material)^- °l-g-^r y§7]^ 7>^*lr 3HeJ- i£e|^l (rewritable data storage)^ ^-^ 

<4i> Si0 2 /Si 7l^h(10) ^Hl JE^Uu 1 ^) (20)^8: 71^(100)* ^«1*>J1, =l 7l 

^UOOH Si ^H^ efl »1 ^1 Til- s^^r ^(50)* wfl*l*r 4^-, 71^-^ 2.^(20) 
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*r ^(50) -M-°H tfl7l^6fl>H ^(electron)* ^tW^r 

^^.sQtj-). tfl7l^ ^7flsRr C0 2 , H 2 0, N 2) 0 2 , CH 4 etc.-g-*^ 

71^-^(100)^ 5.^(20) $H*1 ^7]^-^ ^-§-(£E^ current induced 
electrochemical reaction) ^}<^ 7]^$±2i\ JE^l^^OH thi. ^--fr (carbonaceous 
material)* ^^SlS. . ojst)- ^o] 7]^-^ ^iL-i- (erase)*}; ^-M^- 

^^-i- Sl7>*HI 4^- #7]$^^ ^ «>-§-( IE ^ current induced 

electrochemical decomposition/desorption) QSL^ ^l^^el *J"-fr -H"-!} 

(carbonaceous material)* i^^-(20)-^-S.^-^ ^flTltr^r. 

<42> o]s»}. ^-o] 71^- iE^ ^iLl- ^efl U;^ 

-n- 1-^ (carbonaceous material) ^Kmorphology)-^ #*|*rfe £1^4-. 

<43> ^ y eM — ^ ^Ml^ ^r2r#^ (carbonaceous mater ial )l-8r AFM^ 

S. ^tf-frol AA £. 2a £ 2d^l S^sH 

< 44 > £ 2a^ -6V# 1H1 Sl^HJ-aJ a}*} 2 ^ tgEflo} ^ _$.<£#(carbon contamination) 

* ^ #<*fl 71^-Al^l^i ^ 1^)4. ^ 2b^ +5V«- ^]7>s:H 5. 2a«fl 

A. £ 2c^ +5V» °AA*\<^ 3E. 2b# ^*(spot) *§eJ)<£| 35-31 

av^)1a1^1^ AFM^-S ^ <8#°li=r. n^JL £ 2d^r -6V« t^r 0 } £ 2b<*lH 

f^ofli} ^iL» *TM^- a}^(«^) AFM^-S ^o]t^. o)s.]^ j£ 2a 

vfl*l S, 2d<Hl ^cHs. M-e}^ v}s>\- ^o] ( 7l^-^r(£^i^-) <^tr Sl^H ^ ^S" 

-B- 1"^* ^ *l-r--Z ^. *}eH cfA} ^ ^--fj- #3)^ ^^Kr ^tg 

31^(50)4 3E^^)^-(20) * r °H <y7HHr « r °l°l^ ^ ^^o.S. 7>^^ 
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<45> £ 3^r 7}3&3± ^ A> 6 H Sl^V*}^ W^O^ ^oj-^- Cj-^ 3.7] S Ig^*}^ *1 

7"r*>^ ^ ^-B- #ll(cabonaceous material)^ ^(spot)#^- AFM^-S 

cg^-ojcf. tifs}- ^-o], ^^5]^ ^ #^(cabonaceous material)^ 

i^-(spot)#^ EL7)~ °]7>£]fe ti}oH^ 3.71 ^ <?]7> X\^6\] tnf5} t}<#*}. 

<46> tq-^i, H 2a vfl^l £ 2cHH4 wH<H^ ^M3* ^FM 1 -}, £ 3*\] 

y>^f ^o] V}o)o]+ £<gcq ^7l# ti>^ol ^5)7^ Xl^x]^ H}^ ^-o. 
3.7l# *|]<^ ^ $lo 0 ] j ole^ ^Ml^r nm 3.7)$. *IH€ ^ 

&^§- iL<>} ^ Gb# ^7]-§=-7}^ c-flol^ iSej^Krewirtable data storage) 

<47> ^ 4a ^ 5. 4b^ 7]^-^ #^^-lr S^Sl^M ^€r}o} Auger electron 

spectroscopy (AES) 3. -g-^tr ^# H-E^tf. £ 4a^ AES ^>-g-^ ^#(sample) 

AFM°-S £j-gr ^^os, °1 AFM ^MH^ ^ 3^m>4//m37lS f>}9± ^HS M- 

^1^1 ^)olzL, ^ f-B- #^1 ^3*1 ^ PI, P25. S^sH 

£ 4b<>fH P34 P4S. AES ^^S^#^r ?$iL7} *13Mel *f&<%*\ 3#€ AES 

^jzfoluf. i 4b*IM P14 P2S. AES i^H^l-^: ^Ji7> T^sq*] ^Eflo| 

Au*HH>M 3#tr Auger ^^azfojcf. ^^7} ^ PI, P2<*IHfe tH8=s) Au 

carbon iL^^r^- ^ P3, P4^1^i^ Au^ 7^^ 

3*1 ^Jl rf^=^ carbon^ ©lel^r lo} ^ofl 0}-=. 7fl7l^- 
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7>^tb tfl7>i-1#( rewritable data storage mechanism)^- -#7HH *|) 

a)^ tJfs}. ^s-^-s. ^i^1-Sr«j-«>-§-(current induced electrochemical reaction)^ 

^tr ^r^t 'SHM^ ^-¥-3 ^ tKr #^ ^^-/^^ (carbonaceous material 
deposition/removal on Au surface)&r^- ^ "r- SZ^f . 
<48> i 5a i-fl*l £ 5c zj-zj- ^7l<4 7l^-/^fl^ «<H^ cHig^^ 

7fl7l^- 7>^*V 3He}- (rewritable data storage) 0 !] ^-§-^ <W Ji^^t}-. 

£ 5a°ll «>^r 7]:&(200H1 ^e}oln Aj-o] £^1^ ^€(210)1-8: ^ 

s>j7, zl SH^- ^^Eflwl ^(220)#°1 <H3H ^Efls. ^£ ^H€^W(225)# 

^o) s] ^.l- ^--fr 1-^^ ^ 

7>*>^ ^*Rr ^jH- ^ SlTfl^cf. ^, £ 5b°fl ^ ^-ol, ^^sfl 

t^S] ^(220)^r S^l 1 ^ sflli(210) A}o]ofl tiHo^ ^oj-o] °l7l-S]x] £>-g- ^-f oflif 
i f-Pr Qz)^, S. 5c°ll w><2}- ^-ol AFM ^ ^ ^^efl^ 

^(220)3± MM^ 5.%.^ 3ifl^(210)* ^§r°i 4°!^ ^°j-(-6V)* ^]7"r^, 
^ sfl^i(210)^ ^ ^ofl ^ ^-fr #^(230 H °"|2r & 

o) tfl^^^l ^Sel^m 3l*Hr ^iL# ^l^>o} 

^-Hj-/^^ ^ XlTfl &t±. 
<49> Sft, ^#o] ^eflol ^Efls ^^efltill- ^-^7fl 31*1-1- ^ 
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<50> o]^- -g^^r w>5q- ^o], ntv§6\) n^-s. bJ-^. ^-f>- carbonaceous material)* 

°l-g-tr ^7]^- 7>^tr HH^r iS^^Kdata storage)^, ^ efl «1 ^ :£#*fl^ 
^1 ^tsRr S^f-o.^*] JE^aflBj- ^H] (current 

induced electrochemical reaction) 0 !! ^| s}- 0 ^ p ^^-, ch-fr -§"-11 (carbonaceous 

material)* (write)^^ *\]7] (erase) tr^h 5Etr, °1 ^iLS^I^ 

-fr #^ 37lf <?]7> #<g-^ ell^ ^ o]7> a]^>o.s ^HOT". 

<5i> n}eH, ^71^- 7>^(rewritable)^^£ ^#-8: ^-g-*r*l ^A£S ^sfl 

7l#o] 7 }xlJi S-i^b ^l^^^l 7l^-/i7i ^7l (write/erase cycleH ti}^r 7l^-/^7i 
^- si ^( endurance) ^ ^ ^} &z\}7\ 7fl^£) & l^f^AS 

cl^-ol, ^ nm 3.7) S. ^M. ^ 7>^1-S.S. Gb <>l#Sj 7^7}^ 

7>¥tr ^M^l- ^SSl^l (rewritable data storage)^ ^^i 0 ! 7>^^>cf. 
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[3^8- 1] 

^-71 H^l^o]] ^JiS^S] 7)±r-9r ^ ^Bfl^ ^ ^ ^ ^^7] 

M- ^171^71 ^;^r ^wl^V ^ s^io S ^ b]-^ ^ ol-g-tb 7)] 71^- 7> 

[3^* 2] 

#7] 7l ^ Si0 2 /Si S. 7l^<y ^ ^'AS. S>^- ^ ^--fi- 

^ ^71^- 7>W c-flolE]- ^sel^). 
3] 

<#7] 51 Au7> ^ ^iLS. ^ #-fj- ol-g- 

7fl7l^- 7>^ T3flol^ ^£2^}. 
[^^J- 4] 
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71^-4 o] #of| ^2}o]2 2flEi^€ *fl 

5] 

7l^; ^ 

^^H" iflSH ^>7l iE^n -#o] 5.#^t% 2fl€€-4 ^H}^ 

^ ell H °11 ^71 tfsj JE.^^ Jtfl^ofl tfl-g-^S^- <^^t!: <H^*>1 <8 

Hfls ^*;-§- ^ ^^^-S. ^ ^ ol-g-tb ^71^- 7Br 

6] 

^7} 7}^ Si0 2 /Si S. 71^-^1 % o. ^io s ^ ^ f-fp oj-g- 

^ 7fl7l^- 7}*5-?t iSSl^l. 

^■71 S^^m^r AU7V tg/^ ^ o. m^lo S ^ ^-o- oj-g- 

*lr ^71^- 7}^ cflolEj- ^MSl^l. 
8] 

i *J--°r ol-g-^ ^71^- 7}^ Cfl o] ^Sel^l. 
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[3^*8- 9] 

°] 7 )& 5.^)7} SL^l^ilS. 71^; ^ <#7) 

*fl*H ±% ^Efl^ ^ ^-fr ^-^}7iM- >H 71*1-71 ifl 

*!: ^ ^ ^-fr 7}^ 31 °M iSBl^Hl 7l 

^-/7-ll^Kr "o^l SM>M, 

( 7» ^>7l ^2)- ^-71 5L^m y^O^ ^l7>*>^ <#7] £ 

^aflnj- ^-ofl ^-o. ^^-o.^.*) ^^1- 71^*1-^ ^711; 

(MO ^7l ^-4 #71 3E^^1^ A>olcHl ^>7l 71^-*}^ #7lHH <?]7>^ «H <H ^ 

?>tfl ^21 ^i^-i: ^7>*H °H 9X^ ^ ^--fi- 

c cf) #7i jE^*im--4 ^-7i ^ ^-b- #^ #3 *>°m 

if-*Kr 3* ^HJilS. *m ^ U"fi- #^ °l-§-^> ^71^- 7p§^ C-HojEf i£ 
51^1 Si 7l^-/7fl^ 

[3^8" 10] 

*I19%M1 

#7l (7» #7lHH ^"71 ^ f-B- #^^1 i^S} a.7l^r #7l JE^^fl^ 

^ ^"71 ^^>ofl <y7Hm «>°H^ 371 iE^ -*7l w}olo^ 917}^ *1 

^^-JL5L*1 ol^o^fe 3* ^8 ^ °l-g-^ 7fl7]^- 7} 
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111 

^"71 #?1HH ^-71 *fl7i£)^r ^ ^ #^ 37 ]- ^- 7 ) 

^ #7] ^^}o\) 91?}*}^= «H°1^ £<&Si\ 37l 5E^r ^-71 «H°1^ ^<y-i; <e]7>^ X] 
S^JIS.*) ^-fr ^-°3L ^ f-H- #^ ^71^- 7> 

12] 

#7) (cf) #7fl^ #71 ^-7] ^ f-o. ^ ^ _g.^ ( capacitance) 

*M, *1 ^-(resistance) *M , ^Hb^l^Cfrictional coefficient) ^ ^>°1 

^ *>M-# °]-§-^H °l^f-<H*]*r ^ilsL ^ ^ f-^- °]-%-$± 7fl7l 

MJt^ 13] 

7l^; ^ #71 S^^l 1 ^ 4 €1:^1 ^iL5L^ 7l^ ^ ^ ^Bflo] 
^ #-8- ^^M- *fl7i*M JflsM ^7) ^Mefois ^ -£^*)1^ 2)] HI; 

3f :sWRr y o v *^ ^H^efltH^l ^71 ^e^-oIh <#<i\ 2fl^#oll tfl-g-^H^- ^ 

^ #3<s] o]z])o] ^Efls HflM *tJ«-;* ^«l*b ^ °l-§-^r ^71^- 7> 

( 7» #7l ^l^si fl^]^. ^-71 ^31^ ^ # 7 1 ^em^ 
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^ ^ ^^^^ 71^-^ £:7fl; 

A>o]ofl # 7 ] 71 #7]H*| o]7H>^ yH^i: ^^-jjj. ti>tfl =^ ^1 

7HH °H 5U^r ^ ^]7lf-AS.^ ^iL-I- #31; ^ 

c t\) ^7} j&^i^ aqa ^-71 ^--r- ^ ^h-i- #=.3H ^ 

ill- *11^Rr #31 

i^Rr ^-g- ^ °.5L ft^ f"^- °l-S-tb *fl7l^ 7Hr*> 3Me* i£ 

[^t 1 ^ 14] 

*fll3*<Hl 5£°h, 

#71 (7» #7|W>H #7] ^^£1^ &r±. f-B- 3.71^ #7] JE^Mfl^ 

2(1^32f ^1-71 ^li^l^ 'S^Hl Sl7>*)-fe WH^i 37l SE^- W^O^ ^ 

W ^HKr ^l^M: S^^S^l ol=Lo^^ ^ m^lo S ^ 

tflolEf 71^-/^^ 

[^t 1 ^- 15] 

^-7] (14) #7]HH ^-71 ^T^tt fj.^ ^-o. # ^ ^fij a7 j- ^7l £^^1^ 

sflli^- 4>7l ^Mell*! ^#^1 ^7"!-^ aH°1i 3.7] #7l w>oi^^ 
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^7]^ 7>^*V t-flolEf 7l^-/7fl^ « 0 >^. 
16] 

^"71 (t^-) #7j £^^1^- 4€4 ^"71 ^ f-^- #3 -g-^ 
(capacitance) *r°l , *| ^-(resistance) *>°1 , ^l-IMI^Hf rict ional coefficient) *>°1 

^ ^>o] ^ o] ol^^}^ l^^SLS. !h$i ^-fr # 

°l-8-3: ^71^- 7}tt tflolHf 71^-/71]^ 
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